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Different modifications and newer methods of treatment 
which utilize the basic trickling filter concepts, such as 
the Bio-Disc process, have been developed to increase the 
efficiency of wastewater treatment. The purpose of this 
investigation was to develop and evaluate a newer such method 
called the splash plate concept. 
The splash-plate concept utilizes a series of circular 
plates mounted horizontally on a vertical axis. This allows 
the wastewater being treated to travel over one plate to the 
edge and splash down to the next lower plate and so on through-
out the tower . A total of four units were operated at different 
organic loading conditions using domestic sewage and a mixture 
of milk and sewage. After a design period, there were two 
test periods for the evaluation of operation, with one period 
using artificial illumination. During these operating periods, 
pH, turbidity, chemical oxygen demand, solids determinations, 
nitrogen, and phosphorus measurements were taken as the means 
for evaluating the performance of the units. 
It was found that the splash-plate process did not per-
form as favorably as other waste treatment processes with 
respect to removal of the various parameters evaluated. It 
was also found that problems existed with regard to channel-
ization of the wastewater flow in the units. If channelization 
could be eliminated, then further consideration of the unit 
as a means of wastewater treatment should be investigated. 
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I. INTRODUCTION 
In today's world, man has refocused much of his attention 
on the environment and realized that through its use and 
misuse his existence has been threatened. For that reason, 
his concern has increased for the protection of those quan-
tities which he previously considered as inexhaustable, such 
as the water he uses. This concern has shown itself 1n such 
legislation as the Federal Water Quality Act of 1965 and the 
consideration of Senate Bill S2770 which calls for zero 
wastewater discharge by 1985, as proposed by Senator Muskie 
of Maine. With the enactment of these federal actions and 
state pollution control statutes, many communities and 
industries have found themselves in a position of having 
to meet more stringent regulations with regard to the per-
missable composition of the wastes they may discharge into 
a given waterway. This, in turn, has led to a re-evaluation 
of the applicability of present wastewater treatment methods 
and the development of improved methods where possible. 
In the past, most sewage treatment plants utilized a 
biological system such as the activated sludge process or 
the trickling filter concept. Today, along with the newer 
methods of treatment, such as the physical-chemical process, 
the biological processes are still being used with modifi-
cations being made to the basic system. But even with the 
development of the new treatment schemes, the method of 
selecting the treatment process to use is still usually 
determined by economic factors. 
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The trickling filter has been used extensively for many 
years to treat economically various wastes. Because of this 
wide use of the trickling filter, the design engineer has 
become familiar with its advantages and disadvantages. When 
the need for a higher degree of treatment arose, the engi-
neer considered as one of the possibilities the modification 
of the trickling filter. 
The trickling filter, as used for many years, consisted 
of a bed of rock media over which the liquid wastes were 
distributed by a rotating arm or a fixed sprinkler head 
system. The rock media provided a surface area on which the 
microorganisms could attach, creating a slime-like biomass 
in which the organ1c constituents of the wastes were degraded. 
This process proved to require minimal operator attention, 
as compared to an activated sludge facility. The filter 
was also reported to be less susceptible to shock loading 
problems. However, the filter took up a large amount of 
land and removed only approximately 80 percent of the applied 
Biological Oxygen Demand (BOD) as compared to the activated 
sludge process, which obtains BOD removals of 90 percent or 
more. For these reasons, the initial modifications sought 
to employ a similar design but to eliminate the disadvantages. 
Several changes were suggested. Recirculation was 
employed in order to handle higher hydraulic loadings so 
that additional filters would not be needed. Different 
types of media were substituted for the conventional rock 
media. The most successful of these substitute media appears 
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to be the plastic media which is produced in many shapes and 
slzes. This media increased the surface area and because of 
its light weight and improved aeration capability, it allowed 
deeper filters to be constructed. This reduced the amount of 
land required and ln most cases resulted in a more complete 
BOD removal (1). 
Other changes were made which changed the physical de-
slgn but retained the basic concepts of the trickling filter 
process. This can be seen in the Bio-Disc process (2) which 
uses a series of discs mounted on a horizontal shaft and 
rotated vertically in such a manner that a portion of each 
disc is immersed in the waste water. The idea was to provide 
a still higher degree of treatment at less cost by using 
less land area and still having the unit operate with minimum 
attention. 
With the idea of providing a higher degree of treatment 
with minimal costs, this investigation was conducted on the 
splash-plate concept of biological treatment of wastewaters. 
As in the Bio-Disc process, the basic concept of the trickling 
filter was used but the configuration of the unit differed. 
This system consisted of a series of plates mounted in a 
tower fashion. In this way the waste flow through the tower 
would travel successively over the surface of each plate 
before splashing down to the next lower plate. 
A. OBJECTIVE 
The objective of this investigation was to design and 
construct the splash-plate unit and to evaluate its performance 
with different loading conditions. 
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B. SCOPE 
In the initial phase of this investigation it was neces-
sary to determine a design for the plates which allowed the 
flow to circulate over the entire surface of the plates 
without channelizing into a small area. At the same time 
the basic mechanics of operation of the proposed units were 
examined to determine any additional problems which might 
arise during the actual test phase of the investigation. 
For this purpose, a single tower was constructed, the 
operational characteristics observed, and modifications 
made as they were deemed necessary. 
After this initial design evaluation period, three 
additional towers were constructed for evaluation of their 
ability to effectively treat a given waste. This evaluation 
was performed in two test periods with the only difference 
in the conditions of the periods being that the second 
period used an artificial light source to simulate periods 
of sunlight. In both test periods the first tower (Tower I) 
was operated using domestic sewage at a flow rate of 95 ml/min. 
The remaining three towers employed a simulated waste pre-
pared from domestic sewage and milk solution. 
Tower II which used this synthetic waste and Tower IV 
which used the effluent of Tower III as its influent operated 
at the same flow rate as Tower I. Tower III was operated at 
ab6ut twice the flow rate of Towers I, II, and IV. The 
parameters for the evaluation of performance of ths units 
were: solids determinations, pH, and the removal of turbidity, 
nitrogen, phosphorus, and COD. 
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II. LITERATURE REVIEW 
No existing literature was found to relate to the splash-
plate tower concept as it was investigated in this study. 
Therefore, a selected review of trickling filter concepts 
and the Bio-Disc process has been made upon which to base 
the concept of the splash-plate tower operation. 
A. TRICKLING FILTERS 
The trickling filter process has been used for many 
years in the treatment of wastewater. It is essentially a 
fixed-bed reactor consisting of a porous medium over which 
the liquid fraction of the waste flows following a sedi-
mentation period . The medium provides two functions, it 
serves as the support surface for the attachment of the bio-
logical growth and as a bed in which the liquid-borne wastes 
and air can intermix. This allows the microorganisms to 
metabolize the nutrients from the wastes under aerobic con-
ditions to synthesize new cell matter (3). 
As the waste flows over the medium initially and the 
microbial growth as it is developed it consists of two parts. 
The first part is that portion of the flow which passes over 
the surface quickly while the second part consists of a thin 
layer of liquid which remains on the surface of the medium 
or the layer of the biological growth. The quick passing of 
the flow causes a turbulent condition. This turbulence re-
sults in the flowing water mixing with the bound water of 
the microbial mass and the transfer of organics from the 
passing water to a more intimate contact with the biomass . 
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In the same manner oxygen is transferred by this interchange, 
first at the air-liquid interface and then at the liquid-
liquid surface (4). This transfer is illustrated in Figure 
1. The bound water layer then contains the nutrients and 
oxygen which the microorganisms utilize for growth. 
Since the microbial growth covers most of the surface 
area of the medium the new growth will occur on the top of 
the previous growth and create a layering effect of the 
biomass. As the thickness of the biomass layers 1ncreases 
it limits the supply of nutrients and oxygen reaching the 
lower layers of microorganisms. This oxygen limited condition 
results in a shift from aerobic to anaerobic conditions with 
subsequent release of organic acids and H2S from this lower 
layer. Thus the outer layers of growth are receiving organic 
materi~l from both above and below. This causes the top 
layer of the biomass to remove less of the organic material 
Filter 
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Liquid Wastes Air 
..... 
t • ,. • 
. . 
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.' bic ·_.: .· Lay'er. ·. : Water 
Layer ·. Layer 
Surging Flow 
02 
---1 ·. E~1-+-- EP2·-+_ ....... ___ _ 02- Oxygen F1- Organic Mater 
EP- End Products 
.,._+-- ~p3 ~ . 
Figure 1. Schematic representation of the 
trickling filter operation. 
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present in the incoming waste passing over the top of it and 
thus the efficiency of the unit to remove the organic 
materials from this waste is reduced (5). The change ln 
efficiency is very slow. The lower layers of the micro-
organisms continue into anerobic endogenous metabolism until 
they eventually die and lyse. This causes, along with other 
factors, the release of the biomass from the medium surface 
and its sloughing from the filter followed by eventual re-
establishment. 
Many studies of the biological composition of the slime 
layers have shown that the growth consists of zoogleal 
bacteria, filamentous bacteria, fungi, protozoa, and algae 
(3) (6). It has been proposed that the performance of the 
trickling filter could be predicted from identification of 
the component organisms of the slime layer and its thickness. 
The thought being that using this information to control the 
slime layer, a desired treatment efficiency could be main-
tained ( 7). 
The use of plastics as the support medium has allowed 
the surface area for the slime layer to be increased without 
an increase in volume of the filter. The performance of the 
trickling filter with plastic support media has been reported 
to increase the BOD removal efficiency from 8 to 20 percent 
over that obtained with the conventional rock media (8). In 
treating a distillery waste using the plastic media, a 92 
percent BOD reduction was obtained with an influent BOD of 
1,050 mg/1 as measured at the end of a two stage filter 
unit ( l). 
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B. THE BIO-DISC PROCESS 
The splash-plate process 1s similar to the Bio-Disc 
Process as marketed by Autotrol Corporation. This process 
first appeared in West Germany in the late 1950's when 
Hartman and Popel developed the Immersion Biological Disc (9). 
This process has since been used in Europe in facilities 
ranging in size from 12,000 to 55,000 population. In the 
early 1960's Antonie and Van Aacken (10) investigated the 
use of what they called the Rotating Biological Contactor 
(RBC) in a series of tests conducted at the Allis-Chalmers 
Environmental Research Division. 
Since these studies there have been eight installations 
built utilizing the RBC design. Many additional develop-
mental pilot plant studies have been undertaken (11). Using 
domestic wastes it was found that a 90 percent BOD removal 
was obtainable with a two stage filter system (9). In other 
applications the following results were found: 







In additional pilot plant studies using synthetic milk wastes 
over 80 percent BOD removals have been reported up to about 
200 lbs. of BOD per day per 1000 cubic feet of media volume (12). 
The process consists of a ser1es of discs mounted on a 
horizontal shaft. The discs are made of polystyrene and are 
placed close together in a semi-circular shaped tank with the 
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shaft mounted through the center of each disc and along the 
central axis of the tank. The discs are rotated in such a 
manner that approximately 40 percent of the surface area 
of each disc is submerged ln the wastewater (12). The speed 
of disc rotation varied in the different studies performed 
from 5 rpm to 40 rpm (9) (2) (13). These studies have shown 
that with an increase in rpm, the dissolved oxygen levels 
ln the liquid increase and result ln improved efficiency. 
If the rotation rate of the discs is too great, disruption 
of the slime layer can occur (2). The rotation rate of the 
discs must be determined in each situation to obtain the 
optimum exposure without the destruction of the slime layer. 
The rotation of the disc is analagous to the action of the 
distribution arm of a trickling filter in setting the surface 
of the unit. In studies performed on the Bio-Disc Process, 
it has been found that the microbial growth is more likely 
to be composed of the filamentous bacteria, fungi, and pro-
tozoa than the zoogleal bacteria (14). It was also found 
in these same studies that the process could accommodate 
higher organic loadings and higher hydraulic loadings than 
the trickling filter due to its improved ability to maintain 
a large aerobic microbial population (12). 
Torpey, et al., conducted a study on domestic sewage 
which indicated an average influent BOD of 124 mg/1 and an 
effluent BOD of 9 mg/1 in the settled effluent of a ten stage 
unit. Each stage consisted of 48 three foot (0.9 m) aluminum 
discs, spaced 0.47 inches (1.20 em) apart, with a detention 
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time of 5 to 6 minutes (15). Another application of the 
process using a dairy waste with a BOD of 2800 mg/1 was 
reported to have achieved a 92 percent removal of BOD (11). 
When used as a roughing method ln a pilot plant study to 
reduce the BOD loading to a level which a municipal treat-
ment facility could treat, the Bio-Disc Process was able to 
remove approximately 85 percent of the BOD from a meat 
packing waste whose BOD concentration ranged from 1000 to 
4000 mg/1 (9). In addition to the studies being made on 
the ability of the Bio-Disc to reduce the BOD from a waste, 
additional work is being conducted in nutrient removal by 
use of artificial light on the Bio-Disc units (15). 
While the Bio-Disc process is presently not in wide 
use ln the United States it has been shown that modifications 
of the basic concepts of the trickling filter process make 
possible a more efficient and possibly more economical 
method of treatment. 
III. EXPERIMENTAL PROCEDURES AND MATERIALS 
A. PARAMETERS 
The following parameters were used to evaluate the 
performance of each of the units in this study. 
l) pH 
2) Turbidity 
3) Chemical Oxygen Demand 
4) Ammonia Nitrogen 
5) Total Kjeldahl Nitrogen 
6) Suspended Solids 
7) Volatile Suspended Solids 
8) Orthophosphate 
9) Total Phosphorus 
A brief description of the equipment utilized for 
making the determinations follows. 
l) pH 
The pH of the samples was measured electrometrically 
with a Fisher Accumet, Model 210 pH meter. All readings 
were . made to the nearest one-tenth unit. 
2) Turbidity 
The turbidity of the samples was measured with a Hach 
Laboratory Turbidimeter, Model 1860. 
3) Chemical Oxygen Demand (COD) 
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The dichromate reflux method as described ln Standard 
Methods (16, p. 495) was used to determine the concentration 
of oxidizable organic matter in the raw feed and the effluent 
samples from the various stages of treatment. 
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4) Ammonia Nitrogen 
The method used to determine the concentration of 
ammonia nitrogen is described in Standard Methods (16, p. 453). 
5) Total Kjeldahl Nitrogen 
The total Kjeldahl nitrogen determinations were per-
formed according to Standard Methods (16, p. 469). 
6) Suspended Solids 
The suspended solids determinations were performed 
according to Standard Methods (16, p. 537). Samples were 
dried in a Precision Scientific Company Thelco drying oven, 
0 Model 28, at 103 C for one hour. 
7) Volatile Suspended Solids 
The volatile suspended solids were measured as described 
ln Standard Methods (16, p. 538) utilizing a Blue M Electric 
Company Lab Heat muffle furnace, Model M30A-1C, at a temper-
ature of 550°C for 15 minutes. 
8) Orthophosphate 
The determinations of orthophosphate and total phos-
phorous were performed according to the procedures outlined 
by Jankovic, Mitchell, and Buzzel, (17). An appropriate 
volume of sample was first filtered through a .45~ pore 
diameter membrane filter (Millipore 0.47mm HAWG). Then 
5 ml of this filtrate was diluted with distilled water to a 
volume of 100 ml. A portion of this solution was then added 
to a 50 ml size Nessler tube which contained 8 ml of mixed 
reagent. This mixed reagent consisted of 125 ml of 5N H2so 4 , 
75 ml of O.lM ascorbic acid solution, 37.5 ml of 0.03M 
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ammonium molybate solution, and 12.5 ml of 0.008M potassium 
antimonyl tartrate solution per liter of total volume. 
Reagents were prepared daily as needed. The resulting 
solution in the Nessler tube was then mixed and allowed to 
sit for 10 minutes to allow color development. After the 
color developed, the sample was then analyzed in a Bausch & 
Lomb Spectronic 70 spectrophotometer at a wave length of 
882m~. The orthophosphate content of the sample was determined 
by comparing the light absorption of the sample to that of a 
series of known standard phosphate solutions which had been 
similarly treated for color development. 
9) Total Phosphorus 
As previously stated, the Jankovic, et al. (17) pro-
cedure was used for this determination. A 10 ml volume of 
the diluted sample was placed in a 125-ml Erlenmeyer flask. 
To this were added 2.0 ml of 5N H2so 4 , 1.0 g of potassium 
persulfate, 30 ml of distilled water, and 7 glass boiling 
beads. This solution was refluxed on a hot plate for 15 
minutes and then cooled. A slight modification was then 
made in the determination ln that the solution was diluted 
to 100 ml rather than 500 ml in order to reduce the degree 
of data variation due to experimental error. The remaining 
procedure is the same as for the orthophosphate determination. 
The solution is added to a Nessler tube containing 8.0 ml 
of mixed reagent and analyzed as previously described. 
B. UNIT DESCRIPTION 
In the development of the units certain design features 
were initially proposed and one unit was constructed for 
the purpose of judging the performance of this design. 
After an initial test period on the first unit certain 
modifications were made and incorporated into the con-
struction of the remaining units. 
1) Initial Design Features 
The conical plates were made from sheets of 0.0625 in. 
(0.16 em) thick fiberglass and were assembled into towers 
consisting of 12 plates. Six of these plates were 12 in. 
(30.48 em) ln diameter and were assembled in the towers 
in a convex position while the other six plates were 13 
ln. (33.02 em) in diameter and were assembled in a concave 
position. Figure 4 shows how the plates alternated in a 
descending sequence of a convex plate and then a concave 
plate. The influent to each tower was carried to the top 
plate through the center of the tower via a 0.375 ln. 
(0.95 em) O.D., 0.25 in. (0.64 em) I.D. rigid plexiglass 
tube. From this discharge point the waste flow followed 
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the pattern shown in Figure 4. The convex plates had a hole 
0.375 ln. (0.95 em) in diameter in the center of the plate 
while the concave plates had a center hole of 0.75 ln. 
(1.9 em) in diameter in order to allow the flow to pass to 
the next lower plate. Initially each plate was to support 
the plate above it by means of three equally spaced columns. 
Beneath the towers a small sedimentation basin was provided 
to retain any zoogleal mass which might become detached 
f rom the plates. 
2) Final Unit Design 
Figure 2 shows the original conception of the units, 
but after initial testing of one completed unit several 
modifications were made. The first change was to provide 
additional support for the entire tower with four support 
columns around the tower periphery. It was then found 
that not all the interior plate supports were needed and 
so the supports between the concave plates and the convex 
plates below them were removed. This provided a modular 
type construction with each modular unit consisting of a 
convex plate supported by a concave plate. Each tower 
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then consisted of six modular units. These units were 
attached to the four outside supports by use of an L-shaped 
piece of brass attached to the support column. This strip 
was so made that it could be moved vertically on the support 
column and the plate to column spacing could be varied. 
In this way when the outside supports were attached to 
the modular unit, i.e., the outside edge of the concave 
plate, it was possible to level the plates to some degree. 
This modular configuration can be seen in Figure 3. 
The remaining design modification of the units were 
made in an attempt to control the channelization tendency 
of the flow across the plates. In the initial unit this 
problem was anticipated so sand particles were attached 
to the plates in. a random manner in an attempt to limit 
the amount of channelization and also provide more surface 
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Figure 3 . Modular construction detail of sp lash - plate tower . /--
-.__) 
satisfactorily prevent the flow channelization and there-
fore the sand was removed. The next method of application 
of the sand was to place it in concentric rings on the 
plates. On the convex plates the first ring was 1.125 ln. 
(2.86 em) from the center of the plate and each additional 
ring was 1.5 in. (3.81 em) apart from center to center of 
the rings which were 0.25 in. (0.64 em) in width. On 
the concave plates the first ring was placed 1.5 in. 
(3.81 em) from the outside edge of the plate with each 
successive 0.25 in. (0.65 em) ring set 1.5 in. (3.81 em) 
apart, center to center. This enabled the flow to be more 
uniformly distributed as it travelled over the plate and 
eliminated much of the channelization problems on the 
individual plates. 
One last modification was made to the plates to 
alleviate channelization problems. As the flow reached 
the edge of the plates it tended to travel around the 
edge some distance before falling over and down to the 
next plate. In order to overcome this the convex plates 
were given a sawtooth edge configuration by making 'v'-
shaped indentations every 0.75 in. (1.9 em) around the 
plates to a depth of 0.125 in. (p.32 em). On the concave 
plates the center hole diameter was increased from 0.75 
ln. (1.9 em) to 1.25 in. (3.17 em) and then glven a saw-
tooth edge with indentations spaced at 0.25 in. (0.64 em) 




Two other modifications were made in order to prevent 
the occurrence of short circuiting. The first modification 
was the placement of a 0.25 in. (0.64 em) high wall at the 
outer edge of the concave plat~s to prevent the flow from 
going over the edge at this point and down to the next 
lower plate. The second modification was to increase the 
spacing between the different modular units from l ln. 
(2.54 em) to 1.5 in. (3.81 em) in order to prevent the 
biological growth from attaching itself to two plates at 
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the same time. Figure 4 shows the final design of the units 
as used in this study. 
C. LABORATORY OPERATIONS 
All of the units were placed inside a fume hood during 
the operation period in order to minimize possible odors 
in the laboratory. Odors were encountered during the 
initial test period and were caused by one of three con-
ditions or sources. The first and most prevalent source 
was the domestic sewage which periodically had a very 
distinct odor. A second condition occurred if the sedi-
mentation basin was not cleaned out at least weekly. The 
third condition occurred when the initial unit was utilizing 
the synthetic waste at a COD concentration of 1000 mg/1. 
While the unit did appear to be maintaining a constant 
COD reduction, it also began to produce an odorous con-
dition. This condition did not occur when a mixture of 
the synthetic and domestic waste was used. The fume hood 
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Figure 4. Final splash-plate tower design. 
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constantly running except during periods of feeding or 
sampling. In this way the ambient environmental conditions 
around the units were controlled to some degree. 
l) Feeding 
A continuous flow feeding process was used in this 
investigation with the feed pumped from the reservoir by a 
Sigmamotor, Model T-8 pump. In the initial start of all 
the units the effluent from the primary sedimentation basin 
at Rolla's Southeast Sewage Treatment Plant was used as 
the feed in order to obtain the necessary biological growth 
on the plates. Since the primary effluent from the Rolla 
plant had a COD value ranging from 150 mg/1 to over 450 
mg/1 and it was desired to operate some of the units at 
a COD level of 900 mg/1 to 1000 mg/1 a synthesized waste 
was required. This synthetic waste was composed of non-fat 
dehydrated milk made by the Carnation Company and dissolved 
in Rolla tapwater. The analysis of this milk is shown in 
Table I. Acclimation of the microorganisms to this sub-
strate was accomplished in 100 mg/1 COD steps by the 
addition of the milk to the sewage with the period extending 
from one week to two weeks as needed. 
In the actual period of investigation one of the 
towers was fed only primary effluent (Tower I). The other 
three towers were fed the mixture of milk and primary 
effluent. This mixed waste was prepared by placing 15 
gallons (56.7 liters) of Rolla sewage in a feed reservoir 
and then adding 5 gallons (18.9 liters) of the milk solution. 
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The milk solution was prepared by first determining the 
approximate COD of the sewage and on this basis calculating 
the amount of milk substrate required and adding this to 
5 gallons (18.9 liters) of tapwater which had been sitting 
uncovered for at least 12 hours to allow dechlorination. 
This process was performed at least three times each day. 
Table I. Analysis of Carnation Powdered Milk (18) 
PROXIMATE Amount 100/g MINERALS Amount/lOOg 
Moisture, g. . . 73.7 Calcium, g. . 0.252 
Protein, g . 7. 0 Phosphorus, g .. 0. 205 
Fat, g . 
Ash, g . . 




Calories . . . . 13 8 
Nitrogen, g. 1.1 
Potassium, g . 
Sodium, g. . 




Magnesium, g .. 0.025 
1 gram of powdered milk dissolved in l liter of 
tapwater was found to have a COD of 1010 mg/1 
2) Sampling 
Samples for determinations were obtained at the four 
stations as indicated in Figure 6. Station l was the in-
fluent waste to the towers, Station 2 was located at the 
edge of the third plate from the top and along with 
Section 3, which was located at the edge of the ninth 
plate from the top, was an intermediate sampling point. 
Station 4 was the final effluent sampling point for each 
tower. 
Turbidity and pH determinations were made on the 
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samples immediately after their collection. Next a suitable 
volume of the sample was used for the solids determinations 
and the rest of the sample was filtered through Whatman 
Filter Paper No. 4 in order to remove any large microbial 
growth which might have become detached from the plate. 
The remainder of the tests were performed in the following 
order: ammonia nitrogen, total Kjeldahl nitrogen, chemical 
oxygen demand, orthophosphate, and total phosphorus. 
Between starting these different tests the samples were 
stored at 5°C in a Lab Line Environ-Room walk-in environ-
mental chamber. 
3) Environmental Conditions 
In this study there were two periods of investigation 
with a change in only one environmental condition. As 
has been stated the units were located 1n a laboratory 
fume hood. This fume hood was located 1n a portion of 
the lab such that the amount of sunlight reaching the 
units was negligible. For this reason the second part 
of the investigation was conducted with constant simulated 
sunlight supplied by General Electric F40 PL plant lights. 
The temperature of the air in the fume hood was appr9xi-
mately 37.7°C at all times. 
IV. EXPERIMENTAL RESULTS 
The results of the two test periods of this investi-
gation are presented together ln Figures 5 to 40. Each 
figure represents the results obtained for one evaluated 
parameter so that a comparison can easily be made of 
the test periods. 
Examination of the results shows less stability 
during the first period of testing as contrasted to the 
second test period. Some of this difference in stability 
was caused by the normal variance in the concentration 
of the domestic sewage itself. In addition, the dilution 
caused by the rainfall infiltration and runoff into the 
sewerage collection system during the second test period 
not only lowered the concentration of the sewage but also 
caused it to be more uniform. Though these factors tend 
to make a comparison between the two periods difficult 
it is felt that some conclusions may be made which are not 
totally dependent upon the variance of the substrate be-
tween the test periods. 
pH 
The results of the pH determinations are presented in 
Figures 5 to 8. While the pH of the influent and effluent 
of the four towers differed, a general pH lncrease of 
approximately 0.5 unit (e.g. 7.31 to 7.8) resulted as the 
liquid wastes passed over the plates in each unit. As 
reflected in Figure 5 the pH values for Tower I, which 
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Figure 30. Total Phosphorus vs Time , Tower II 
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Figure 38 . Volatile Suspended Solids vs Time, Tower II . 
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7.3 for the influent during both periods and between 
7.8 to 7.9 for the effluent. During the first period of 
testing (March 2-ll), on the lOth day of operation, a 
cross connection occurred between Tower I and Tower II 
at a point just above sampling point number 2 due to 
some movement of the tower. The lower pH of the influent 
for Tower II and subsequent cross connections resulted 
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in the pH at stations 2 through 4 of Tower I not reflecting 
the increased pH of the influent for Tower I. Other 
parameters for stations 2 through 4 of Tower I were also 
affected as shown in the following figures. In Towers II 
and III the average influent pH changes var ied from approxi-
mately 6.7 to 6.8 to a effluent pH of 7.2 to 7.3. It 
can be seen in Figures 6 and 7 that during the 2nd and 3rd 
day of the first test period the pH at sampling point 2 
was 1n error or at this time the unit was improperly 
performing. 
A. TURBIDITY 
The turbidity results are presented in Figures 9 
to 12. In Figure 9 it can be seen that the turbidity 
through Tower I decreased by about 80 percent while in the 
remaining units the turbidity was reduced about 65 to 
70 percent. The first three days of turbidity values of 
the Towers II, III, and IV are much higher than those 
values obtained in later days. Since the Hach method 
of measuring turbidity is not a Standard Method of deter-
mination, comparative samp~es were analyzed using the 
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Jackson Candle Method (16) and the Hach Turbidmeter. 
It was found that the Hach turbidity values obtained were 
approximately one-half the values determined by the Jackson 
candle method on the same samples of primary settled domestic 
sewage. On samples of milk solut.ion there was less than 
10 JTU difference in readings of 100 to 300 JTU. 
B. COD 
Figures 13 through 16 show the results of the COD 
determinations. During the first test period the COD 
removal through the units fluctuated until the 7th day 
when the units seem to have suffered a marked decrease 
in removal ability. Tower III which was fed the higher 
concentration at the higher flow rate never stabilized 
during this period. In the second test period the COD 
removals are more stable. Tower IV was especially stable 
in its COD removal. Tower I which was fed the primary 
settled sewage achieved a total COD removal through the 
entire tower of about 70 to 75 percent while the other 
towers were only able to achieve a removal rate of about 
50 percent using the synthetic waste with its increased 
COD loading. 
C. NITROGEN 
Figures 17 to 20 present the ammon1a nitrogen results 
and the total Kjeldahl nitrogen (TKN) results are shown 
1n Figures 21 to 24. In the ammonia nitrogen analysis 
it can been seen that some problem was incurred on the 
6th and 7th day of the first testing period. Tower IV, 
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which had been analyzed at a different time, did not 
exhibit this problem. It can also be seen from the results 
that a greater removal of nitrogen from the liquid wastes 
was possible ·when the units were exposed to 24 hours of 
illumination. This same ability is reflected in the TKN 
data obtained during the two test periods. 
D. PHOSPHORUS 
In Figures 25 through 28 the Orthophosphate data is 
illustrated and in Figures 29 to 32 the Total Phosphorus 
results are presented. The difference between the 
removal of phosphorus in the first period as compared to 
the second period is very slight and the total removal in 
each period itself is very little. One other factor 
stands out when comparing the ortho-P as compared to the 
Total-P in that the values obtained show that the amount 
of Total-P removed is equal to the Ortho-P removed. This 
could be an error in the procedure or some conversion 
of the Ortho-P to organic phosphorus had occurred. 
E. SOLIDS 
The last two parameters which were used as an evaluation 
of the four towers were suspended solids and volatile sus-
pended solids which are presented in Figures 34 to 37 and 
Figures 38 to 41, respectively. As can be seen 1n the 
figures, the suspended solids were varied to some extent, 
expecially in the synthetic wastes where the milk was in 
solution. Another possible cause of some of the high 
suspended solid values determined was sloughing of the 
biological mass into the sample bottle. This is also 
reflected in the volatile suspended solids determinations. 
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V. DISCUSSION OF RESULTS 
The purpose of this investigation was to evaluate 
the performance of the splash-plate process. This was 
accomplished by compar1ng the results obtained in this 
study with the results of similar processes, such as the 
Bio-Disc process. The results were also examined from 
the standpoint of whether they indicated use of the process 
as a means of secondary treatment or as a roughing filter. 
The first parameter evaluated was pH. The units 
displayed a singular property in that the pH of the 
liquid wastes increased as they passed through the towers. 
This pH change was approximately 0.7 units for the prlmary 
settled sewage that was treated by Tower I and approxl-
mately 0.5 units of change in the towers which used the 
mixed milk and sewage. In the Garrett study (9) of the 
RBC units at Oklahoma State University the pH of the units 
remained relatively constant at the lower loadings of from 
500 mg/1 of sucrose to 1000 mg/1 of sucrose. Only at the 
higher concentrations of 1500 and 2000 mg/1 of sucrose did 
the pH first decrease followed by a slow increase. In 
the study by Torpey, et al. , (15) USlng a ten stage Bio-
Disc the pH was found to increase slightly in the first 
five stages followed by a decrease during the process 1n 
the later stages. In other studies performed on the 
trickling filter it was reported that the pH tended to 
drop over approximately the top foot of the medium and 
then increased in value at lower depths except for high 
concentrations of wastes where the pH continued to de-
crease (9). From these reported results and the observed 
data in this study it may be concluded that the pH value 
of the treated wastewater and the increasing or decreasing 
PH trend is dependent upon the type of unit, the progress 
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of the waste through the unit, and the nature of the waste 
itself. Possible causes for the increase in the pH through 
the units in this study were contemplated but not definitely 
investigated. One potential cause for the increase in 
pH may have been due to co 2 utilization from the liquid 
by algae growing on the plates (5). 
The units displayed a turbidity removal of about 80 
percent for Tower I and 65 percent for the remaining 
towers. In comparing the two test periods, no appreciable 
effect upon turbidity removal was seen to be caused by 
illumination. The turbidity of the liquid wastes remained 
nigh in the towers which used the mixed wastes, as the liquid 
continued to have a high concentration of milk in solution. 
This could be easily seen by the white color of the liquid. 
The splash-plate towers in this study did not obtain 
satis f actory COD removals in comparison to reported values 
obtained for the Bio-Disc Process (10) (ll) (15) with 
removal rates of 90 percent or better for many different 
concentrations of wastes. I t also had lower removal 
rates than the standard trickling filter which has been 
reporte d to have removal rat es o f about 70 to 80 percent. 
As was s e e n in t he COD removal data in this study, when 
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primary settled sewage was used a removal efficiency of 
only 68 to 75 percent occurred. In the case of the remaining 
three towers where mixed sewage and milk waste was used, 
removal rates of 45 to 50 percent were common. Based on this 
data, the COD removal by the splash-plate towers in this 
study did not compare favorably with the other available 
treatment processes. Even as a roughing filter it would 
not be as suitable as other methods which employ plastic 
media for this purpose and which have reported 60 to 
70 percent COD removals. Even with Tower III and Tower 
IV in series, a removal rate of only 60 to 67 percent was 
obtained. Comparison of the removal capabilities of the 
two periods indicated that illumination only increased 
the COD removal rate by about 5 to 8 percent. 
In the evaluation of the nutrient removal capabilities, 
very little nitrogen or phosphorus was removed by the 
units. In the study by Torpey (17), removals of 8.7 mg/1 
were experienced or about 60 percent removals. In this 
study only some 25 percent ammonia nitrogen removal 
occurred during the period of artificial light which 
was twice the removal achieved during the period without 
the illumination. Phosphorus removals of less than 20 
percent were observed in this case. However, the use 
of artificial light had very little effect on these removals. 
Apparently the inorganic phosphorous form was more 
~eadily removed. 
The suspended solids removal rates were only about 
50 percent for Tower I and 50 to 60 percent for the other 
towers. Sloughing of the biomass which occurred in all 
towers caused interference with evaluation of this para-
meter. The volatile suspended solids determinations 
and evaluations were similarly affected. Volatile solids 
did represent about 70 percent of the total solids as 
expected. The presence of artificial light seemed to 
cause no apparent change in these results. 
In consideration of all the parameters evaluated, 
the splash-plate tower concept does not compare favorably 
with other processes of treatment. It was also shown 
that constant illumination did not effectively influence 
the ability of the unit to treat the different concen-
trations of wastes used ln this study. 
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VI. CONCLUSIONS 
The following conclusions were reached as a result 
of this investigation: 
1. The splash-plate process exhibited lower COD 
and solids removals than those reported by 
standard trickling filters and such processes 
as the Bio-Disc process. 
2. The basic design of the experimental units was 
found to have an inherent channelization problem. 
This resulted ln the lack of full utilization 
of the entire surface area of the plates as 
possible with the Bio-Disc Process. 
3. The process does not appear to be suitable for 
use as a secondary treatment process or as a 
roughing filter. This is based upon the results 
obtained as compared with accepted removals for 
these degrees of treatment. 
4. The experimental unit experienced many problems 
such as flow channelization, slime layer accumu-
lation, and sloughing. 
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VII. FURTHER RESEARCH NEEDS 
If this unit is to be developed as a method of waste-
water treatment, further research must be conducted with 
two basic purposes in mind. The first is that a means of 
keeping the flow from channelizing so that the entire 
surface of the plates can be utilized. This needs to be 
accomplished ln such a manner which will not make the 
construction of the unit too complex, as this would in-
crease the cost of the unit. A second area of research 
ls to determine how the biomass can be allowed to build 
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up without seriously affecting the performance. Additionally, 
a possible means of cleaning this biomass from the plates 
periodically needs to be found. 
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